An extension of our methodology on solid-phase synthesis of 3,4,5-trisubstituted-1,2,4-triazoles under mild conditions has been developed. Firstly, the resin-bound acylhydrazine is reacted with orthoesters to provide resin-bound 1,3,4-oxadiazoles. Secondly, condensation of 1,3,4-oxadiazoles resin with the corresponding arylamines hydrochloride to form the resin-bound triazoles. 3,4,5-Trisubstituted-1,2,4-triazoles derivatives were obtained from resin-bound acylhydrazines in several steps providing 78% -87% overall yields and excellent purity. The advantages of this method include straightforward operation and high yield and purity of the products.
Introduction
Substituted 1,2,4-triazoles play an important role in organic chemistry due to their presence as key structural units in pharmaceuticals and biologically active heterocycles [1] . Compounds possessing the 1,2,4-triazole moiety have been reported to display antimicrobial activity [2] , antifungal [3] , antibacterial [4, 5] , anti-inflammatory [6] and antituberculosis [7] activities. They also can be used as peptidomimetic moieties and as hydrogen bond acceptors [8, 9] or as amide bond isostere for the design of receptor ligands in order to enhance their pharmacokinetic properties [10] . It is also well established that various derivatives of 1,2,4-triazole can be used for treating non-Hodgkin's lymphoma [11] . Moreover, multiply substituted 1,2,4-triazoles are an important common structural motifs with wide applications in coordination chemistry [12, 13] and material chemistry [14] [15] [16] . 3,4,5-Trisubstituted 1,2,4-triazoles also act as intermediates in the synthesis of many drugs available in the market such as maraviroc (UK-427,857) [17] , triazolam [18] and sitagliptin (MK-0431) [19] .
In view of their great significance and useful applications, various synthetic methodologies of multiply substituted 1,2,4-triazole derivatives have been developed [20] . Generally 1,2,4-triazole derivatives are synthesized by the cyclodehydration of N-acylamidrazones [21, 22] . Several types of intermediates such as activated amide derivatives (chloromethylene amides, imidates, thioamides, thioimidates, and imidoylbenzotriazoles), amidrazones, N'-acetyl-N,N-dimethylhydrazonamides, oxadiazoles, N-nitrosoamidines, or arylphosphazoanilides can lead to N-acylamidrazones [20] . For instance, a recently described method involves the use of N, N-dimethyl formamide dimethyl acetals, yielding triazoles in a one-pot reaction with good yields [23] . Johansson and coworkers have developed a method where triazoles can easily be prepared from a range of N-substituted acetamides and hydrazides through the reaction with oxalylchloride [24] . The most commonly employed approach entails the direct condensation of thioamides with hydrazides [25] , but this was not appealing because these starting materials are not commercially available in sufficient diversity. 1,2,4-Triazole derivatives were also synthesized directly from amidrazones and anhydrides using acetic acid or diethyl ether as a solvent [26, 27] .
One of the most important methods leading to the multiply substituted 1,2,4-triazole system involved the recyclization reactions of 1,3,4-oxadiazoles with primary amines because oxadiazoles are more stable precursors of N-acylamidrazones than most of the activated amide de-rivatives. This methodology has been preferably adapted in recent years [28] [29] [30] [31] [32] [33] . Very recently, protic ionic liquids as dual solvent-catalysts have been successfully used to promote reactions of organoamines with oxadiazoles to afford hindered 1,2,4-triazoles [34] .
Many of the solution phase methodologies described above possess important drawbacks such as long reaction times, poor yields and exhaustive purification protocols. The large number of examples we found both in academic and patent literature convinced us that 1,2,4-triazoles core can be considered as a privileged substructure of choice for the design of new potentially bioactive compounds. In the process of drug development and/or lead structure optimization it is most welcome to use a method, which allows easy access to diverse compounds. Solid phase organic synthesis offers the opportunity for the development of novel methodologies for construction of libraries of small heterocyclic compounds [35] [36] [37] . In this regard, we have investigated the syntheses of various drug-like heterocycles on polystyrene supports in order to facilitate the automated parallel synthesis of discrete compound libraries. Nevertheless, there are only a few reports in the literature concerning solid phase synthesis for 1,2,4-triazoles [38] [39] [40] . So, a facile preparation 1,2,4-triazoles for lead discovery is highly desirable. In this context we have foreseen that the use of new solid phase strategies to obtain 1,2,4-triazoles could overcome some of the deficiencies observed in previous synthetic protocols. We present a novel solid phase procedure that can be conducted in parallel form. In continuation of our particular interest in solid-phase synthesis of heterocycles from resin-bound acylhydride [41] [42] [43] [44] [45] , herein, we describe new method for solid phase synthesis of 1,2,4-triazoles derivatives based on resin-bound acylhydrazines.
Results and Discussions
Scheme 1 shows the solid phase synthetic route of 1,2, 4-triazole derivatives. We have prepared resin-bound acylhydrazine 1 from the Merrifield resin according to our method previously reported [41] . The acylhydrazine resin 1 was reacted with excess orthoesters 2 catalyzed by alum [46] to give the corresponding resin-bound 1,3, 4-oxadiazoles 3. After condensation of the corresponding aniline hydrochloride with resin 3 in pyridine, the resinbound triazoles 4 were obtained. The desired 1,2,4-triazole derivatives 5 were released at TFA/DCM cleavage for resin 4 in high yield and purity and characterized by the spectroscopic methods. The results are summarized in Table 1 . The progress of the reaction was monitored by Fourier transform-infrared (FT-IR) spectroscopy. When the acylhydrazine resin 1 was reacted with orthoesters in the presence of Alum, the formation of resin-bound 1,3,4-oxadiazoles 3 was amenable to KBr FTIR monitoring (i.e., disappearance of the C=O stretch at 1630 cm −1 and N-H stretch at 3429, 3318 cm −1 and the appearance of a new C=N stretch at 1590 cm To illustrate the versatility of this methodology, various commercially available orthoesters and amines analogues (Table 1) were used to prepare triazole resin 4. All the orthoesters used in reaction can offer the corresponding oxadiazole resin 3. While for electron-rich aromatic amines, both the yield and purity of triazoles are good consisting with the electronic effects observed in traditional solution phase synthesis. But when the electron-poor arylamines were used, such as p-NO2 and p-CF3 substituted anilines, the corresponding triazoles were not obtained. After cleavage by TFA/DCM, we got the 4-(5-propyl-1,3,4-oxadiazol-2-yl)phenol which is the corresponding product cleavaged from oxadiazole resin 3 ( Table 1 , entries 7 and 8). Using this methodology, we have synthesized a representative set of 1,2,4-triazole-3-thiones derivatives 5 ( Table 1 ) in 76% -89% overall yield, indicating an good yield for each step of the reaction.
In summary, we have developed a new strategy for the preparation of 3,4,5-trisubstituted 1,2,4-triazoles via solid phase synthesis. This process provided a useful method for the preparation of diverse 1,2,4-triazoles from readily accessible reactants under mild reaction conditions. The use of resin-bound acylhydrazines in the reaction benefits the solid-phase synthetic route because it not only provides a short synthetic route to the desired products but its chemical versatility also adds to the diversity of the library. The 1,2,4-triazoles derivatives were synthesized in several steps providing 76% -89% overall yields and excellent purity. The developed method can be applied to the preparation of libraries containing the triazole moiety for potential drug discovery. This synthetic methodology is because all the reactions were carried out under mild conditions. Further work is in progress on the solid-phase synthesis of heterocyclic compounds via the resin-bound acylhydrazines.
Experimental
Starting materials were obtained from commercial suppliers and used without further purification. Solvents were dried and distilled before use. Merrifield resin (100 -200 mesh, cross-linked with 1% divinylbenzene, loading 1.95 mmol/g Cl) was purchased from commercial sources (Nankai University).
Acylhydrazine resin 1 was prepared from the Merrifield resin according to our method previously reported [41] . 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Bruker Avance (400 MHz) spectrometer, using DMSO-d 6 as the solvent and TMS as internal standard. Mass spectroscopy data of the products were collected on an HRMS-APCI instrument or a lowresolution MS instrument using EI or ESI ionization. IR spectra were recorded on a Bruck Vector 22 spectrophotometer. High performance liquid chromatography (HPLC) was performed on an Agilent 1100 (column, Eclipse XDB-C18 5 μm, 4.6 × 150 mm; mobile phase, MeOH/H 2 O, 80/20 (v/v); flow rate, 1.0 mL/min; detector, UV 254 nm). The samples were further purified by thinlayer chromatography (TLC) for 13 C NMR.
A General Procedure for Synthesis of 1,2,4-Triazoles
To the mixture of the acylhydrazine resin 1 (0.5 g, loading = 1.59 mmol/g, based on N microanalysis) in orthoester (5 mL), alum KAl(SO 4 ) 2 ·12H 2 O (0.38 g, 0.8 mmol) was added. Then the mixture was stirred and heated at 100˚C for 10 h. The resin was filtered and washed with H 2 O (5 mL × 3), (EtOH (5 mL × 3) and CH 2 Cl 2 (5 mL × 3) to remove contaminated species and then dried to afford the resin 3.
A mixture of resin 3, aniline hydrochloride (1.03 g, 8 mmol), and pyridine (5 mL) was refluxed for 12 h. Then it was filtered and the resin was washed with 10% HCl (5 mL × 3), H 2 O (10 mL × 3), EtOH (5 mL × 3) and CH 2 Cl 2 (5 mL × 3) and dried to affored the resin 4b.
The resin 4b was well swallen in 3 mL CH 2 Cl 2 , then 0.5 mL TFA was added. The mixture was stirred at room temperature for 1 h and then filtered. The resin was washed completely with EtOH (5 mL × 3) and acetone (5 mL × 3). The filtrate was combined to afford the crude product 5 by evaporation.
All compounds gave satisfactory 400 M 1 H NMR, IR, and HRMS spectra. -4-(p-tolyl)-4H-1,2,4-triazol-3-yl) 
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